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By Macon 0. Ellis, Jr.
SUMMARY

Teats of a representative bdomber nacelle on a low-
drag wing were made in the NACA two~dimensional tunnel.
Resulte show the adverse or interference effects of the
nacelle on the low~drag wing to be small,

INTRODUCT ION

An investigation of a serles of radial-engilne
nacelles on a thick low-drag wing has been made in the
NACA 8-foot high-speed wind tunnel. The results of
these tosts show that the drag 18 low for certain nacelles
and that the 1ift of the wing 18 not seriously affected by
the nacelles. .

Under conditions of low turbulence, however, questions
have continued to ariee concerning possible adverse effects
of conventlonal nucelles on low-drag wings. A progranm of
tests was therefore begun of several typlcal manufacturers!
nacelles, mounted first on a moderately thick NACA 66~.
series wing in the NACA two-dimensional wind tunnel.

The use of the NACA two-dimenslonal wind tunnel,
which has an alr stream of very low turbulence, made the
investigation possible at large values of the Reynolds
number. At the present time, emergency conditions nec-
eesarily limit the scope of the tests, but 1t 1is hoped
that the results of these nacelle teste will be of
sufflclent value to warrant more thorough investigations
of proposed military models. of immedlate interest.

*

DESORIPTION OF MODEL

The 1/10-full~scale model nacelle (figs. 1, 3, and
3) was bullt from North American Aviamtion, Inc. drawings




of a proposed two-engine bomber. Some modifications during construc-
tlon were suggested by 'Mr. William Wheeler, representative of
North Americen Aviation, Inc. at the Laboratory. No drawings for
the shape of the carburetor inlet were available; the shepe of the
inlet on the model was based on o given area of - éo square inches full
gcele. The alr taken in through this inlet was exbausted- at the tail
of the model. The mvdel nacelle tested was first mounted on’ an
NACA 66,2-216, a = 0.6, wing having.a chcrd of 15 inches and a span
of 3 feet (tunnel test.-sedion wldth). The wing was set at the theoreti-
cal ideal angle fcr the wing section, which in this case 1s 31 mimutes
in a positive direction frcm the center line of thrust of the nacelle.
In ordor to evalnate the interfeience effucts a second test was made
with the mndel nacelle mounted o a 6-inch ~chord symmetrica.l ving,
12.5 percent thick (fig. 3).

The baffle plate in the modcl was designed for a Ap/q = 0.58,
which repré¢sents a pressure drop through the engine of Ap = 19 inches
of woter at 39z miles per hour al au altitude of 25,000 feet. The
pressure drop at the cowl exlt actnally obtained In the tests was
AE[q = 0,40 at the Gesign angla.

TEST KET0LLY

Drag measurements were obtalned by making weke surveys at a series
of spenwise stations. Polnts were takon far enocugh outside the nacelle
- disturbance to establish the sectlon drag of the wing. The integral of
this curve (fig. 1) ebove the secticn Grag of the wing was then taken
as the total additional drag of the nacells. Intermal- drag measuremsnts
were made by making tovel head and static pressure measurements in the
exits. Tho method for calculating the drag due to the intermal losses
is given in reference l. The external dirag is then the total additional
drag minue the drag due to internal lonses. The external-dreg
coefficient CDF 1s based on the frontal aroca of the nacelle.

RESULTS AND DISCUSSION

Values or .QIF for the nacelle under variocus conditions are glvemn

in figure 5. At ‘the design angle, the drag decreaced with the eddition

1ot the time this report was origina.].ly published, some of the
corrections required for reducing the tést data to free-alr conditions
had not been determined. The values of section 1lift coefficient c;

(fig. 6) should be corrected by the following equation

®1(corrected) = 0+9630 +'04006




of ordinary tepered fillets from Op, = 0.055 to Cp, = O.0lL at a

Reynolde numbexr of 3.1 X 1o°. Unfortunately, _owing' to limited testing
time, no other tests were made without flllets. At a Reynolds numbex

of 6.5 x 10°, however, the drag with filleta increased to only
Chp = 0.045. This value indicates that there might still be a
reasoneble reduciion in dreg through the use of fillets at larger
valnes of the Reynolds number. Sealing the accessory compartment
exlt slot (fig. 1) produced an increase in drag.

Values of Cp, for the nacelle mounted on the 6-inch-chord wing

of conventional sectlion show the drag to be slightly higher then for
the nacelle on the low-drag wing. From thlis comparison, and from the
fact that all the values of CD.E' are low, 1t seems reasonable to say

that the adverse affects of the nacelle on the low-drag wing are small.
Other tests in the two-dimencional tunnel of different nacelles on
the same low-drag wing show ovubstantielly the same results.

Figure 6 shows a li~t cormparison cf the wing with and without
the nacelle. Owing to a syatematic error in tunnel 1ift measuremsnts,
the curve of the wing with the nacelle may be too low by an amount
comparable with the sepsrantion between the lift curves for the wing
with and without the nacells.

It may be corcluded that, unless the 1ift disturbance due to
the nacelle ls sufliclent to canse marked adverse effects on the
induced drag, the drag end inteiference of the nacelle tested may
be coasidered smell.

Langley Memorial Aeronautical Leboratory
National Advisory Committee for Aeronantica

Langley Field, Va.
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NACA

Frgure .- Nacelle on low-drag wing.
Accessory comparimernt exit slot and

aadition of ordinory fgpered fillets
are sfowrl.




NACA Figs. 2,53

Frgure 2.- Nacelle on Jow-drag wing .

Frgure J3.- Nacelle orn 6mich chord wing .
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NAGA . Pig. 5

Rying T.D.T. tests 96 and 138
Nacelle is mounted { 3.1 x lO6 A No fillets
on 15-inch chord X With ordinary tapered fillets
NACA 66,2-216 .
a = 0.6 airfoil 6.5 x 105 [ With same fillets
© With fillets, accessory compartment
exit slot sealsd
L
6.5 x 108 0 Nacelle mounted on 6-inch chord

based on symmetrical airfoil 12.35 percent
15-inch thick
chord
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Figure 5.~ Nacelle external-drag coefficients.
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